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COMPLETE SPECinCATION. 

Impiovements in or relating to the Balancing and Ghargii^ o£ 
Intemal Combustion Ehigines. 



We, Sir W. G. Armstrong Whitworth 
& Company (Engineers) Limited, of 121 
Queen Victoria Street, London, E.C4, a 
British Company, do hereby declare the 
6 invention, for which we pray that a patent 
may be. granted to us, and the method by 
which it is to be performed, to be parti- 
cularly described in and by the following 
statement : — 

10 This invention relates to the balancing and 
charging of internal combustion engmes, and 
the object of the invention is to use charg- 
ing means to provide an internal combustion 
engine with improved balance. 

15 The present invention consists in an inter- 
nal combustion engine in which the or each 
working cylinder has a poppet type valve in 
the cylinder head, and inlet ports in the wall 
of the cylinder, the or each working piston 

20 being provided with balancing means which 
is arranged diametrically opposite to th,e 
working piston with respect to the crank- 
shaft and comprises an auxiliary piston 
which reciprocates in the opposite direction 

26 to the working piston and works in an auxi- 
liary cylinder of which the end remote from 
the crankshaft is arranged and controlled so 
that fresh charge is compressed therein be- 
fore being passed to the corresponding 

30 working cylinder. 

The invention further consists in an inter- 
nal combustion engine in which the or each 
working piston is provided with balancing 
means which is arranged diametrically 

35 opposite to the working piston with respect 
to the crankshaft and comprises an auxiliary 
piston which reciprocates in the opposite 
direction to the working piston and works in 
an auxiliary cylinder of which the end 

40 remote from the crankshaft is arranged and 
controlled so that fresh charge is compressed 
therein before being passed to the corre- 
[Price 3s. Od.] 



spending' working cylinder, and in which 
entry and exit of air to and from the crank 
case is controlled and the working and 4:5 
auxDiary pistons operate to induce air into 
said crank case as they move away from 
each other, and to compiess the said air in 
a first stage therein as they move towards 
one another, preparatory to compression of dO 
the air in a second stage in the end of the 
cylinder of the auxiliary piston remote from 
the crankshaft as the said piston moves 
away from the crankshaft. 

In one form ci construction the crank 55 
case is provided with non-return valve 
means from the atmosphere, and non-return 
valve means between the crank case and the 
auxiliary cylinder, while non-return valve 
means is provided between the auxiliary 60 
cylinder and the combustion chamber of the 
working piston. 

The drawings accompanying the Provi- 
sional Specification show, by way of ex- 
ample only, two embodiments of the inven- 65 
tion in which: — 

Figure 1 is a part longitudinal section 
through the cylinder and crank case of an 
internal combusdon engine; 

Figure 2 is a transverse section through 70 
the same cylinder; and 

Figure 3 is a transverse section taken - 
through the cylinder of a further embodi- 
ment. 

Referring to the embodiment shown in 75 
Figures 1 and 2 the working piston 1 is 
fastened to the connecting rod 2 by means 
of gudgeon pin 3 in the normal manner. 
The engine is of the two-stroke cycle type 
and has an air capacity chamber 4 arranged 80 
around the cylinder walls 5 in which inlet 
ports 6 are provided to give access to tiie 
cylinder proper, there being a poppet type 
exhaust valve in the cylinder head as shown. 

The large end 7 of the connecting rod 2 85 
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is split and bolted together around the crank 
pin 8 in the usual way. Crank webs 9 are 
provided at eacli end of the crank pin 8 
and eccentrics 10 are machined on the 
5 outer faces of the webs. A forked strap or. 
connecting link 11 is .fitted on each of these 
eccentrics, on the other end of each an 
auxiliary piston 12 is attached by means of 
the gudgeon pin 13. 

10 It will be seen that the crank pin of the 
working piston 1 and the eccentrics of the 
piston 12 ^re opposed to one another wiUi 
the result ihat their revolving forces and 
inertia forces are opposed to one another 

15 and thus by suitable arrangement of the 
we^ts of the moving parts, the engine can 
be completely balanced or at least can be 
arranged to give only very sli^t out Of 
balance forces. .To achieve complete bdance 

20 the ratio of tiie connecting rod len^h to the 
crank radius in' both instances requires to be 
the same with suitable adjustments of the 
weights of the moving parts. 
Inlet and outlet ports. 14 and 15 controlled 

25 by non-return valves 16 and 17 respectively 
■ allow of the entry of air by way of the air 
filter 18 to ;the cylinder of the piston 12 
during its movement towards the crankshaft, 
while tiie arc is forced out of the cylinder 

30 by way of the non-return valve 17 and the 
* ak passage "19' to the chambex 4 when the 
piston moves away from the crankshaft. 

In the modified embodiment shown in 
Figure 3 the crank case is closed and is pro-. 

36 vided with an automatic non-return valve 
or y^ves so that the~ crank'case becomes the 
first stage compressor, of a two-stage com* 
pressor linit 
A non-return valve 20" is fitted to the 

40 crank case door 21 which allows of the 
entry of air to the crank case by way of the 
air filter 18 as thfe working piston 1 and the 
piston 12 move away from each other. Dur- 
ing this period of the cycle of operations of 

46 the engine the air in ^e air cylinder is 

■ " being cornpressed and the automatic non- 
return valve 16 between the crank case, 
which is the.first stage compressor, and the 
air cylinder, which is the second stage com- 

50 pressor, is closed. During the same period 
the valve 17 is open and allows the air from 
the air cylind^ to pass by way of the air 
passage 19 to the air capacity chamb^ 4. 
from whence it is transferred "to the working 

55 . cylinder when the ports 6 are uncovered by 
the working piston. 

' The air in- the crank case is compressed 
by the two' pistons as they move towards 
each other. The smaller the capacity of the 

60 crank case relative to the volume displaced 
by . the pistons the higher, will be the pres- 
sure of the air during the first stage of 
compression. 

. Owing to the double stage of compression 
65 the capacity ci the air cylinder is smaller 



than when the air cylinder is used alone as 
in the previously described embodiment: 

Figure 3 shows a single cylinder two- 
stroke unit, but, provided the individual 
crank cases, or first stage air compressors, 70 
are isolated from one another, the invention 
is applicable, to multi-cylinder two-stroke 
cycle engines. 

The invention is also applicable to four- 
stroke cycle engines having single or multi- 75 
cylinders, and in such applications consider- 
ation must be given to the fact that each 
piston delivers air to Che air chest twice per 
cycle, i.e. once per revolution of the crank- 
shaft. 80 

The invention is not limited to the forms 
of construction hereinbefore described as 
details for carrying the invention into effect 
may be varied without departing from the 
scope of the invention clauned, 85 

What we claim is : — 

1. Internal combustion engine in which 
the or each working cylinder has a poppet 
type valve in the cylinder head, and inlet 
ports in the wall of the cylinder, the or 90 
each working piston being, provided widi 
balancing means which is. arranged dia- 
metrically opposite to the working piston 
with respect to the crankshaft and comprises 

an auxiliary piston which reciprocates in 95 
the opposite dhection to the working piston 
and" \^oirkj5.iii "an auxiliary cylinder of which 
the end remote from the crankshaft is 
arranged and controlled so that fresh charge 
is compressed tlierein before being passed to 100 
the corresponding working cylinder. 

2. Internal combustion engine, in. which 
the or each working piston is provided with 
balancing means which is arranged dia- 
metrically opposite to the working piston 105 
with respect to the crankshaft and comprises 

an auxiliary piston which reciprocates in the 
opposite direction to the worlang piston and 
works in an auxiliary cylinder of which the 
end remote from the crankshaft is arranged 110 
and controlled so that fresh charge is com- 
pressed therein before being passed to the 
conesponding" working Qflinder. and in 
which edtry and exit of air to and from the 
crank case is controlled and the working 115 
and auxiliary pistons operate to induce air 
into said crardc case as they move away 
from each other, and to compress the said 
air in a first stage therein as they move 
towards one another, preparatory to com- 120 
pression of the air in a second stage in the 
end of the cyhnder of the atixiliary piston 
remote from the crankshaft as the said 
piston moves away from, the crankshaft. 

3. Internal combustion engine as claimed 125 
in Claim 2 in which the crank case is pfo- 
vided":wj1h- nonireturn:iiilet:valve means from 
the atmospheiie, and non-return valve means 
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between the crank case and the auxiliaiy 
cylinder, while non-return valve means is 
provided between the auxiliary cylinder and 
the combustion chamber of the working 

5 piston. 

4. Internal combustion engine substan- 
tially as hereinbefore described v/itix refer- 
ence to and as shown in Figures 1 and 2 of 



the drawings accompanying the Provisional 
Specification. 10 

5. Internal combustion engine substan- 
tially as hereinbefore desctibed with refer- 
ence to and as shown in Figure 3 of the 
drawings accompanying the Provisional 
Specification. 15 
MARKS & CLERK. 



PROVISIONAL SPECIFICATION. 

Improvements in or relating to the Balancing and Charging ot 
Internal Combustion Engines. 



We, Sir W. G. Armstrong Whitworth 
& Company (Engineers) Limited, of 121 
Queen Victoria Street, London. E,C.4, a 
British Company, do hereby declare this 
20 invention to be described in the following 
statement: — 

This invention relates to the balancing of 
reciprocating engines, and the object of the 
invention is to provide an internal combus- 

25 tion engine with improved balance. 

Heretofore it has been proposed to pro- 
vide a piston in an internal combustion 
engine with a mass on the diametrically 
opposite side of the crank shaft moving in 

30 opposite directions to the piston to balance 
the same. It has also been proposed to 
provide a pump of the piston type consti- 
tuting the said mass and acting to compress 
air for scavenging purposes in two-stroke 

35 cycle internal combustion engines. 

The present invention consists in an in- 
ternal combustion engine of the kind in 
which the or each working piston is pro- 
vided with a mass on the diametrically 

40 opposite side of the crank shaft moving in 
opposite directions to said working piston to 
balance the same, characterised in that said 
mass is constituted by an auxiliary piston 
working in a cylinder of which the end 

45 remote from the crank shaft is arranged and 
controlled so that each charge of air for the 
combustion chamber is compressed therein. 

The invention further consists in an internal 
combustion engine as set forth, in the pre- 

50 ceding paragraph in which the entry and 
exit of air to and from the crank case is 
controlled and the working and auxiliary 
pistons operate to induce air into said 
crank case as they move away from each 

65 other, and to compress the said air in a 
first stage therein as they move towards one 
another, preparatory to compression of the 
air in a second stage in die end of the 
cylinder of the auxiliary piston remote from 

60 the crankshaft as the said piston moves 
away from the crankshaft. 

In one form of construction the crank case 
is provided with non-return inlet valve 



means from the atmosphere, non-retiu:n 
valve means between the same and the auxi- 65 
liary cylinder, while non-return valve means 
is provided between the auxiliary cylinder • 
and the combustion chamber of ^e working 
piston. 

The accompanying drawings show, by way 70 
of example only, two embodiments of the 
invention in which: — 

Figure 1 is a part longitudinal section 
through the cylinder and crank case of an 
internal combustion engine; 76 

Figure 2 is a transverse section through 
the same cylinder; and 

Figure 3 is a transverse section taken 
through the cylinder of a further embodi- 
ment. 80 

Referring to the embodiments shown in 
Figures 1 and 2 the working piston 1 is 
fastened to the connecting rod 2 by means 
of gudgeon pin 3 in the normal manner. The 
engine is of the two-stroke cycle type and 86 
has an air capacity chamber 4 arranged 
around the cylinder walls 5 in which, ports 
6 are provided to give access to the cylinder 
proper. 

The large end 7 of the connecting rod 2 is 90 
split and bolted to the crank pin 8 in the 
usual way. Crank webs 9 are provided at 
each end of the crank pin 8 on which are ^ 
machined the eccentrics 10. A forked strap ' 
or connecting link 11 is fitted on each of 95 
these eccentrics, on the other end of each 
a reciprocating air piston 12 is attached by 
means of a gudgeon pin 13. 

It will be seen that the crank pin of the 
working pistoa 1 and the eccentrics of the 100 
air piston 12 are opposed to one another 
with tiie result that ±eur revolving forces 
and inertia forces are opposed to one an- 
other and thus by suitable arrangement of 
the weights of the moving parts, &e engine 105 
can be completely balanced or at least can 
be arranged to give only very slight out of 
balance forces. To achieve complete balance 
the ratio of the connecting rod length to 
the crank radius in both instances requires 110 
to be the same with suitable adjustments of 
the weights of the moving parts. 
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Inlet and outlet ports 14 and 15 con- 
trolled by non-return valves 16 and 17 
respectively allow of the entry of air by way 
of the air filter 18 to the qrlmder of tie air 
5 piston 12 during its njovement towards the 
crank shaft, while the. air is forced out of 
the cylinder by way of the non-retura valve 
17 and the air passage 19 to the chamber 4 
when the piston moves away from the 

10 crankshaft 

In the emj^odimejit shown in Fi^e 3 the 
crank case is closed and is provided with 
automatic non-return valve or valves so that 
the case becomes the first stage compressor 

15 of a two-stage compressor unit. 

. A non-return valve 20 is fitted to the 
crank case door -21 which allows of the 
entry of air to the crank case by way of the 
air filter 18 as the working piston 1 and 

20 the air piston 12 move away from each 
other. During this period of the cycle of 
operations of the engine the air in the air 
cylinder is being compressed and the auto- 
matic non-return valve 16 between the crank 

26 case, which is -the first stage compressor, 
and the air cylinder, which is the second 
stage compressor, is closed. During the 
same period the valve 17 is open and ^ows 
. the air from the air cylinder to pass by way 

30 of the air passage 19 to the air capacity 
chamber 4,. from when it is transferred to 



the working cylinder when the ports 6 are 
uncovered by ^e working piston. 

The air in the crank case is compressed by; 
the two pistons as they move towards each 
other. The smaller the capacity of the crank 
case relative to the volume displaced by the 
pistons the higher will be the pressure of the 
air during the first stage of compression. 

Owing to the double stage of compression 
the capacity of the air cylinder is smaller 
than when the air cylinder is used alone as 
in tile previously described embodiment. 

Figure 3 shows a single cylinder two- 
stroke unit, but, provided the individual 
crank cases, or first stage air compressors, 
are isolated from one another, the invention 
is applicable to multi-cylinder two-stroke 
cycle engines. 

The invention is also applicable to four- 
stroke cycle engines having single or multi- 
cylinders, and in such applications consider- 
ation must be ^ven to the fact that each 
piston delivers air to the air chest twice per 
cycle, i.e. once per revolution of the crank- 
shaft. 

The invention is not limited to the forms 
of construction hereinbefore described as 
details for carrying the invention into effect 
may be varied without departing from the 
scope of the invention. 

MARKS & CLERK. • 
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TRANSLATION OF JAPANESE PATENT 
PUBLICATION NO. JP57- 146938 
(Item#loftheUst2) 
Publication Date: 1982.9.10 
Applicant: Triumph Motorcycles 

l) A reciprocating engine having at least one piston (lO); a connecting rod (12) that is 
connected to the piston at one end; a crank shaft (14) that is assembled to another end 
of the connecting rod; a balancing link (17) that is configured as a balance weight, this 
balancing link being pivotably mounted to the crank shaft by one end of the balancing 
link; guide means (19), (20), (21) being structured as a guide link (19) that is pivotably 
mounted by one end (21) to a fixing point, this guide means causing the other end of 
the balancing link to be forcibly moved, in a direction that is opposite to the piston, so 
as to perform a substantially linear stroke that is perpendicular to an axis of the crank 
shaft; this reciprocating engine being characterized in that 

the other end (20) of the guide link (19) is assembled to a point which 
is effectively in agreement with the center of impact (strike) of the balancing link (17), 
this center of impact being limited by movement of the balancing link (17) from the 
center of gravity (G) of the balancing link (17), this movement being a distance equal to 
the square of a polar radius of rotation of the balancing link (17) that is divided by a 
distance between the center of gravity (G) of the balancing link and a connection point 
(D) connecting to the crank shaft (14), and as the result of this, when the engine is in 
operation, the balancing link (17) effectively balances all inertial forces of the piston 
(10) and the connecting rod (12). 
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